Ascorbate depletion mediates up-regulation of hypoxia-associated proteins by cell density and nickel.
Exposure of human lung cells to carcinogenic nickel compounds in the presence of oxygen up-regulated carbonic anhydrase IX (CA IX) and NDRG1/Cap43, both known as intrinsic hypoxia markers and cancer-associated genes. This suggests that factors other than a shortage of oxygen may be involved in this induction. Both proteins can also be induced in the presence of oxygen by culturing these cells to a high density without medium change. The intracellular ascorbate measurements revealed its rapid depletion in both metal- and density-exposed cells. Nickel exposure caused strong activation of HIF-1alpha and HIF-2alpha proteins, underscoring activation of HIF-1-dependent transcription. In contrast, cell density-dependent transcription was characterized by minor induction of HIF-1alpha or HIF-2alpha. Moreover, the up-regulation of NDRG1/Cap43 in HIF-1alpha deficient fibroblasts suggested the involvement of different transcription factor(s). The repletion of intracellular ascorbate reversed the induction of CA IX and NDRG1/Cap43 caused by cell density or nickel exposure. Thus, the loss of intracellular ascorbate triggered the induction of both tumor markers by two different conditions in the presence of oxygen. Ascorbate is delivered to lung cells via the SVCT2 ascorbate transporter, which was found to be sensitive to nickel or cell density. Collectively these findings establish the importance of intracellular ascorbate levels for the regulation of expression of CA IX and NDRG1/Cap43. We suggest, that, in addition to low oxygenation, insufficient supply of ascorbate or its excessive oxidation in tumors, can contribute to the induction of hypoxia-associated proteins via both HIF-dependent and independent mechanisms.